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NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 5349 : 1986 'Mechanical vibration — Guidelines for 
the measurement and the assessment of human exposure to hand transmitted vibration', issued by 
the International Organization for Standardization (ISO), was adopted by the Bureau of Indian 
Standards on the recommendation of the Mechanical Vibration and Shock Sectional Committee and 
approval by the Light Mechanical Engineering Division Council. 

In the adopted standard, certain terminology and conventions are not identical with those used in 
Indian Standards; attention is especially drawn to the following: 

a) Comma (,) has been used as a decimal marker while in Indian Standards the current practice 
is to use a point (.) as the decimal marker. 

b) Wherever the words 'International Standard' appear referring to this standard, they should 
be read as 'Indian Standard'. 



In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards which are to be substituted in their place 
are listed below along with their degree of equivalence for the editions indicated: 



International 
Standard 

ISO 2631-1 : 1985 



ISO 2631 -2: 1989 



ISO 2631-3: 1985 



ISO 5805: 1981 
lEC 225 (1966) 



Corresponding Indian Standard 

IS 13276 (Part 1) : 1992 Evaluation of human 
exposure to whole-body vibration : Part 1 
General requirements 

IS 13276 (Part 2) : 1992 Evaluation of human 
exposure to whole-body vibration : Part 2 
Continuous and shock included vibrations irt 
buildings (1 H^ to 50 Hz) 

IS 13276 (Part 3) : 1992 Evaluation of human 
exposure to whole-body vibration : Part 3 
Evaluation of exposure to whole-body Z-axis 
vertical vibration in the frequency range 0.1 Hz 
to 0.63 Hz 

IS 13281 : 1992 Mechanical vibration and 
shock affecting man — Vocabulary I 

IS 6964 : 1973 Octane, half-octane and third 
octane band filters for analysis of sound and 
vibrations 



Degree of 
Equivalence 

Identical 



Identical 



Identical 



Identical 

Technically 
equivalent 



The concerned technical committee has reviewed the provisions of ISO 5347 : 1 993, ISO 5348 : 1 987, 
ISO 8041 : 1990, lEC publication 184 and lEC publication 222 referred in this adopted standard and 
has decided that they are acceptable for use in conjunction with this standard. 
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Indian Standard 



MECHANICAL VIBRATION — GUIDELINES 

FOR THE MEASUREMENT AND THE 

ASSESSMENT OF HUMAN EXPOSURE TO 

HAND TRANSMITTED VIBRATION 



Introduction 

Intensive vibration can be transmitted to the hands and arms of 
operators from vibrating tools, vibrating machinery or vibrating 
workpieces. Such situations occur, for example, when a per- 
son handles tools such as pneumatic, electric, hydraulic or 
engine-driven chain saws, percussive tools or grinders. 
Depending on the type and place of work, vibration can enter 
one arm only or both arms simultaneously, and may be trans- 
mitted through the hand and arm to the shoulder. The vibration 
of body parts and the perceived vibration are frequently the 
source of discomfort and possibly reduced proficiency. Con- 
tinued, habitual use of many vibrating tools has been found to 
be connected with various patterns of diseases affecting the 
blood vessels, nerves, bones, joints, muscles or connective 
tissues of the hand and forearm. 

The vibration exposures required to cause these disorders are 
not known exactly, either with respect to vibration intensity 
and frequency spectrum, or with respect to daily and cumu- 
lative exposure duration. In view of the complexity of the 
problem and the shortage of quantitative data concerning the 
occupational health effect of hand-transmitted vibration, it is 
difficult to propose a comprehensive method for assessing 
vibration exposure. However, based on the limited data 
available and on experience with current exposure conditions, 
the information proposed in this International Standard 
together with its annexes represents the best guidance 
available to protect tfie majority of workers against serious 
health impairment and to assist in the development of fiand- 
operated toots the use of which will reduce the risk of disorders 
in man caused by vibrations. 

The purpose of this International Standard is to furtfier ttie 
gathering of consistent data in order to improve occupational 
safety. In particular, it is hoped that the data will serve to 
extend the present knowledge on the dose-effect relationship. 



1 Scope and field of application 

This Interrational Standard applies to periodic and to random 
or non-periodic vibration. Provisionally, this Intematwnal Stan- 
dard may also be applied to repeated shock type excitation. 

This International Standard specifies general methods for 
measuring and reporting hand-transmitted vibration exposure 
in three orthogonal axes for tfie one-third octave bands, having 



centre frequencies from 6,3 to 1 250 Hz, the octave bands, 
having centre frequencies from 8 to 1 000 Hz and a frequency- 
weighted measure which covers the frequency range from 5,6 
to 1 400 Hz. 

This International Standard, together with its annexes, pro- 
vides guidance for the evaluation of hand-transmitted vibratk>n 
specified in terms of a frequency-weighted vibration acceler- 
ation and daily exposure time. It does not define the limits of 
safe exposure. 

The guidance proposed in this International Standard is derived 
from a consensus of opinion based upon data available from 
both practical experience and laboratory experimentation con- 
cerning human response to hand-transmitted vibration. It can- 
not be taken to define completely safe exposure ranges in 
which vibration diseases cannot occur. 

This International Standard does not specify the risk factor of 
health impairment for different operatbnal processes, tools and 
machines. 

To facilitate further progress in this field and to allow tfie quan- 
titative comparison of exposure data, uniform methods for 
measuring and reporting exposure of human beings to hand- 
transmitted vibration are desirable. Additional standards are to 
be considered for the vibration measurement of specific tools 
and processes. 



2 References 

ISO 2631 , EvaJuation of human exposure to whole-body 
vibration. 

ISO 5347, Methods for the calibration of vibration and sftock 
pick-ups.^^ 

ISO 5348, Mechanical vibration and shock — Mechanical 
mounting of accelerometers. " 

ISO 5805, Mechanical vibration and shock affecting man — 
Vocabulary. 

ISO 8041, Human-response vibration measuring instrumert- 
tation.''^ 



At present at the stage of draft. 
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lEC Publication 184, Methods for specifying the characteristics 
of ehctro-mecttartical transducers for shock and vibration 
measurements. 

lEC Publication 222, Methods for specifying the characteristics 
of auxiliary equipment for shocic and vibration measurement. 

lEC Publication 225, Octave, haif-octave and third-octave band 
f iters intended for the arta/ysis of sounds and vibrations. 



3 Characterization of hand-transmitted 
vibration 

3.1 General considerations 

The severity of the biological effects of hand-transmitted 
vibration in working conditions is influenced by 

a) the frequency spectrum of vibration ; 

b) the magnitude of vibration ; 

c) the duration of exposure per working day; 

d) the temporal exposure pattern and working method, 
that is the length and frequency of work and rest spells; 
whether the tool is laid aside or held idling during breaks, 
etc.; 

e) the cumulative exposure to date; 

f) the magnitude and direction of forces applied by the 
operator through his hands to the tool or the workpiece ; 

g) the posture of the hand, arm and body position during 
exposure (angles of wrist, elbow and shoulder joints) ; 

h) the type and condition of vibrating machinery, hand- 
tool or workpiece ; 

i) the area and location of the parts of the hands which are 
exposed to vibration. 

The severity of the biological effects of hand- transmitted 
vibration in working conditions may be influenced by 

a) the direction of the vibration transmitted to the hand ; 

b) the method of working and the operator's skill ; 

c) any predisposing factors in the individual's health. 

The folkiwing factors may specifically affect the circulation 
changes caused by hand-arm vibration : 

a) climatic conditions ; 

b) diseases which affect the circulation ; 

c) agents affecting the peripheral circulation, such as 
smoking, certain medicines or chemicals in the working 
envirorwiient; 

d) noise. 

Although the Importance of all the factors listed with respect to 
the generation of vibration disorders Is not yet known In suf- 
ficient detail, reporting of all factors is considered desirable in 
order to enable the collection of meaningful exposure histories. 
It is also important to report the measurement procedure and 
the statistical techniques used to evaluate the vibration data. 



3.2 Direction of vibration 

The directions of vibration transmitted to the hand should be 
reported in the appropriate directions of an orthogonal co- 
ordinate system as suggested in figure 1 . 

For vibration measurements, the orientation of the coordinate 
system may be defined with reference to an appropriate 
basicentric coordinate system (see figure la)] originating, for 
example, in a vibrating appliance, workpiece, handle or control 
device gripped by the hand. 

NOTE — Current methods of vibration assessment are based on the 
directional component with ttie largest weighted vibration acceleration. 

In order to avoid a conflict between the terminology proposed 
here and that used generally in biodynamics to define human 
whole-body vibration exposure (see ISO 2631 ), it is proposed 
that the motions of the hand for the various directions of the 
coordinate system be designated by the parenthetical word 
"(hand)" or the subscript "h". (The acceleration of the hand in 
the z direction would be designated Oj(hand) O'' "z.h- s"'' sim\- 
larly for directions x and y. Whole-body acceleration in the 
longitudinal axis is designated by a^, and similarly for directions 
xind y.) 



3.3 Magnitude of vibration 

3.3.1 The primary quantity used to describe the magnitude of 
the vibration shall be acceleration which should normally be ex- 
pressed in metres per second squared (m/s^). The magnitude 
of the vibration should be expressed as a root-mean-square 
(r.m.s.) acceleration value. The acceleration may also be 
measured with a weighting network as defined in 3.4.5 and 
table 1. 

Acceleration measured in conjunction with frequency analysis 
equipment (for example one-third octave band filters) should 
not be weighted. 

The weighting characteristics of the filter described in table 1 
require that the attenuation of the filter be zero up to a fre- 
quency of 16 Hz and then increase at 6 dB/octave above that 
frequency. 

The data for these weighting characteristics are derived from 
laboratory studies of human response to harid-transmitted 
vibration. 

3.3.2 The magnitude of the vibration may also be expressed in 
terms of an acceleration level, in decibels (dB). This is defined as 



= -*(^) 



where 

a is the r.m.s. acceleration, in metres per second squared; 
ffo is the reference acceleration of 1 |jm/s^. 

The acceleration level may also be measured with the weighting 
network described in 3.4.5 and table 1 and is called the 
weighted acceleration level L^^ (see 4.4). Acceleration levels 
measured in conjunction with frequency analysis equipment 
(for example one-third octave band filters) should not be 
weighted. 
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In this position, the hand adopts a standardized grip on a cytindrical bar of radius 2 cm. 



Biodynamic 
coordinate system 

Basicentric 
coordinate system 



a) "Handgrip" position 



^h-. 




In this position, the hand presses down onto a sphere of radius 10 cm. 

b) "Rat palm" position 

NOTE — The origin of the system is deemed to lie in ttie head of the third metacarpal and the z<handr3'<» to be defined by ttie longitudinal axis of ttwt 
bone. 

The jr-axis is perper>dicular to tfie palm area, being positive in the direction of the back of the palm, wfien tfw hand is in ttie normai anatomical position 
(palm facing forwards). The y-ana passes through the origin and is perperxllcular to ttie jr-axis. 

When ttie hand is gripping a cylindrical handle, ttie system may be rotated so tfiat tfie ^h'^xi^ is parallel to tfie axis of ttie hancfle. 



Hgura 1 — Coonlinat* aystam for tha hand 
3 
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Table 1 — Fraquency wrtghting filtar for hand-arm 
vibration measurements 

[Weighting factors to be applied in accordance with 
equations (4) and (7)] 



Frequency 


Nominal gain 


Hz 


dB 


6,3 





8,0 





10,0 





12,5 





16 





20 


-2 


25 


-4 


31,5 


-6 


40 


-8 


SO 


-10 


63 


-12 


ao 


-14 


too 


-16 


m 


-18 


180 


-20 


200 


-22 


2S0 


-24 


315 


-26 


400 


-28 


900 


-30 


630 


-32 


800 


-34 


1000 


-36 


1250 


-38 



3.4 Measurement of hand-transmitted vibration 
3.4.1 Measuring equipment 

Vibration-measuring equiisment generally consists of a trans- 
ducer, an amplifying device and amplitude or level indicator or 
recorder. Where practicabie and appropriate, electronic net- 
works may be included to limit the frequency range of the 
equipment. For many applications, where it is not essential to 
rely solely upon on-the-spot determination, a suitable recorder 
may be used to obtain representative records for subsequent 
andysis. An r.m.s.-measuring device may also be included for 
convenieiKe. so that r.m.s. values may be read off or recorded 
(firectiy. 

All vibration-measuring equipment should be correctly cali- 
brated and, whenever appropriate, calibrated in accordance 
wftfi existing standards or recommendations govemir>g the cali- 
bration of such equipment. The basis of operation and the 
characteristics of any rr>easuring equipment used should t>e 
reported, together wnth the results obtained. It is important to 
report such characteristics as the frequency response, the dy- 
namic properties (for exwnpte, the time constant, the dynamic 
range and resolution of the equipment), and when appropriate, 
the precision of r.m.s.-rectifyiog, tape recording, frequency 
an^ysis or simitar operations performed upon the signal. 

The dynamic range of the complete system should be as large 
as possible over ttie freqi«ncy range in question. It may be 
necessary to attenuate signals above 2 000 H2 ; this attenuation 
should be made as near to the transducer as pa6Sit>le in the 
vibration measurement chain. 



3.4.2 Measurement of r.m.s. value 

If the signal for analysis is of short duration, or its magnitude 
varies substantially with time, a simple analysis canrwt be 
made. 

In order to obtain r.m.s. values under these circumstances, it is 
necessary to use an integrating meter or analyser which is 
equipped with "linear integration" facilities. It is recommended 
that "linear integration" analysis be adopted as a preferred 
method and only when the signal is relatively steady with time 
or of sufficient duration can use be made of the type of analyser 
normally used for noise analysis. In such circumstances, the 
time constant chosen should be appropriate for the signal 
duration. 



3.4.3 Frequency range and transducer accuracy 

The frequency range of measurement shall be at least 5 to 
1 500 Hz, that is sufficient to cover the octave bands with 
centre frequencies from 8 to 1 000 Hz. 

The vibration transducer shall be small and light enough for the 
specific application (see 3.4.4). 



3.4.4 Location and mounting of vibration transducers 

The measurements In the three axes shall be made on the sur- 
face of the hand(s) in the areas, or in cleariy related areas, 
where the energy enters the body. If the person's hand is in 
direct contact with the vibrating surface of the hand grip, the 
transducer should be fastened to the vibrating structure. If the 
magnitude of vibration varies significantly over different parts 
of the handle, then the maximum value at a point In contact 
with the hand should be recorded. If a resilient element is being 
used between the hand and the vibrating structure (for 
example, a cushioned handle), it is permissible to use a suitable 
nrraunt for the transducer (for example, a thin, suitably shaped 
metal sheet) placed between the hand and the surface of the 
resilient material. In any case, care shall be taken that the mass, 
size, shape and mounting of the transducer, or the special 
transducer support, do not sigriiflcantiy Influence the transfer 
of vibration to the hand in the relevant frequency range. 

NOTES 

1 Standards for the measurement of vibration of specific tools should 
be used in conjunctnn with this international Standard. Specifk: stan- 
dards may define more precise positions for mounting accelerometers 
arKf locating the origin of coordinates on specific tools. 

2 For signals with very high peak accelerations, for example those ob- 
tained from percussive tools, special precautk)ns shoukJ be taken to 
avoid errors which arise from overioading any part of the measurement 
system. Correct choice of the transducer is essential in this case. The 
transckjcer shouki be able to wittistand the range of viiiration 
measured, offer good stability and be small in size. It should have a 
resonant frequency atx>ve 25 kHz and fiave a cross-axis sensitivity at 
least 20 dB below the sensitivrty in the axis to be measured Tfie pre- 
ferred method of measurement involves inserting a mecfianKal tow- 
pass fitter with a suitably caiit>rated linear transfer f urKtion between the 
transducer and the vibrating surface. This will reduce peak values 
caused by high frequency components of the signal, that is those com- 
ponents above about 3 000 Hz. 

3 In tf>e case of a resilient eterrent t)etween the hand and the 
vibratir>g structure, the proposed method is not satisfactory for all con- 
ditions, partKularly in the case of thin cushions whkih mainly affect the 
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transfer of higher frequencies. In such cases, it might be preferable to 
make the measurements with the transducer rigidly attached to the 
handle or structure and to record separately the type, thickness, 
physical properties and estimated attenuation achieved by the cushion- 
ing material. 

3.4.5 Quantities to be measured 

Tine acceleration measured in one or several axes can be 
reported either as a frequency-weighted acceleration or in 
terms of acceleration analysed in octave or one-third octave 
bands. For research and development purposes and to improve 
knowledge of the dose-response relationship, it is strongly 
recommended that one-third octave band data be obtairwd for 
each acceleration component. 

The measurement of weighted acceleration shall be based on a 
weighting network which conforms with the characteristics 
defined in table 1 . 

The one-third octave band and octave band filters used in any 
analysing network shall be in accordance with lEC Publi- 
cation 225. The frequency range given in I EC Publication 225 
shall be extrapolated to lower frequencies. 

3.4.6 Coupling of the hand to the vibration source 

Although characterization of the vibration exposure currently 
uses the acceleration of the surface in contact with the hand as 
the primary quantity, it is reasonable to assume that the 
biological effects might depend, to a large extent, on the 
energy transmitted. This energy depends on the coupling of the 
fiand-arm system to the vibration source and, consequently, on 
the grip pressure applied and the magnitude and direction of 
the static force. Measurement of the energy transmitted to the 
hand and of the tool application force is feasible and desirable 
for research purposes and for future application to special 
tools, but is not yet proposed in this International Standard. 

For the purposes of this International Standard, the vibration 
exposure shall be reported for a grip pressure and static force, 
representative of the operational application of the tool or 
coupling of the hand to the vibration machinery. It should be 
borne in mind that changes in coupling can considerably affect 
the vibration exposure measured. 

3.4.7 Exposure conditions and exposure time 

Exposure intensity and the frequency spectrum transmitted will 
vary according to the individual's task, operating techniques, 
strength, weight and stamina. It is important, therefore, to 
base estimates of total daily exposure times on appropriate, 
r^resentative samples for the various operating conditiorw and 
times and their intermittency. The posture of the hand arid arm, 
or the angles of the wrist, elbow and shoulder joints shall 
always be reported for individual conditions and/or operating 
procedures. 



4 Characterization of hand-transmitted 
vibration exposure 

4.1 Daily exposure 

The assessment of vibration exposure is primarily based on tfie 
daily exposure. The total time during which vibration is trans- 
mitted to the hands during a typical 8 h daily working period is 



not believed to have exceeded 4 h in any of the studim which 
have been used to develop the dose-effect relationship shown 
in annex A. This period of 4 h is, therefore, used as a basis for 



In order to facilitate comparisons between different durations 
of exposure, ttie daily exposure is expressed here in terms of 
the energy-equivalent frequency-weighted acceleration for a 
period of 4 h. 

If tfte total daily exF>osure to vibration is other than 4 h, then the 
energy-equivalent acceleration for a period of 4 h shall be deter- 
mined by the integration of the square of the frequency- 
weighted acceleration over the whole of the daily exposure. 
This is expressed in equation (1) 



'<'h,w'8q(41 - 

wtiere 



'4 •'O 



1/2 



(1) 



'"h w'eqi*) '* *^® energy equivalent acceleration for a 
period of 4 h ; 

a^ yy(/) is the instantaneous value of the weighted ac- 
celeration ; 

T is the total duration of the working day, in hours; 

r, = 4 h. 

NOTE — Although 4 h is used in this International Standard as a basis 
for the determination of energy equivalent acceleration, other periods 
of time. e.g. 8 h. could be used providing suitable mathematical 
HKidifications are made to the appropriate equations arxi tables. 

4.1 .1 If the energy equivalent acceleratton is measured over a 
period of other than 4 h, then the energy-equivalent acceler- 
ation for a period of 4 h can be determined from equation (2) 



lffh,w) 



aql4) 



-(^.r- 



w'eqlD 



(2) 



where (ah.iJaqir) ■* **^ frequency-weighted energy equivalent 
acceleration for a period of 7* h. 

Example: 

W '«h.w>«,(6) = 10 f"s'^ 

then K. J«,(4i = (1,5)1/2 x 10 
= 12,25 ms-2 

4.1.2 If the operation is such that ttfe total daily exposure 
comprises severe exposures at different frequency-weightad 
accelerations, ttien ttie total frequency-weightBd acceleration 
may be obtained from equation 13) 



... (3) 
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In equation (3), (flh.w'eqir) 's ^^ frequency-wieighted energy 
equivalent acceleration for the jth exposure component of 
duration /,, in hours. Tis the total duration of alt the exposures. 
If T is not equal to 4 h, then equation (2) shall also be used to 
assess the compourKi exposure. It is recommended that the in- 
dividual contributions to (flh.w^Bqiri ^ reported separately. 

£xamp/e: 

If the frequency-weighted accelerations for exposure times 
of 1, 3 and 5 h are respectively 15, 12 arKl 10 ms~^, then 



'"h.w'aqOl 



= [ 



152 X 1 -f 122 X 3 -H 102 X sl "2 



= 11,34 ms-2 



NOTES 

1 If the spectrum contains dominant single frequency components, 
the procedure outlined above may cause differences between the com- 
puted and directly measured values of the weighted acceleration. 
Discrepancies occur if the components are at frequencies which differ 
from the centre frequency of the one-third octave or octave band. 

2 Instrumentation is available for measuring the frequency-weighted 
component acceleration directly. 

4.4 Vibration acceleration level 

Equations corresponding to equations (2) and (3) when using 
acceleration level to describe the vibration would become 



'^h.w)eq(4» - '^ 



h.w'eqlT") 



10 Ig 



(5) 



4.1.3 This method of evaluation may also be applied to one- 
third octave and octave band data. 

4.2 Multi-axis vibration 

It is recomrT>efKied that the vibration be investigated in each of 
the three coordinate axes and that the assessment be based 
upon the comF)onent with the largest vibration acceleration. 

NOTE — Dose-response relationships fiave been studied for industrial 
vitvation exposure which involves complex three-dimensional acceler- 
ation. Characterization of the vibration exposure through the largest 
single component is generally regarded as adequate. 

4.3 Conversion of one-third and octave band data 
to weighted acceleration 

In order to use the dose-response relationships given in 
annex A, the results from one-third octave and octave band 
analysis can be used to estimate the corresponding weighted 
acceleration magnitude. 

The weighted acceleration o^ w can be calculated from equa- 
tion (4) 



"K^^y ^ (^y-h.;) 



. . . (4) 



;=i 



wfiere 



Kj is tfie weighting factor for the yth one- third octave 
band or octave band given respectively in tables 2 and 3 ; 

a^, J is tfie acceteration nneasured in the jth one-third 
octave barKl or octave band ; 

n is the number of one-third octave or octave bands being 
used. 



and 



<VJ..n = i0.9{|i:M"^"'-'''V,]|... 



The example given in 4.1.1 would now become 



(6) 



If <^hw) 



h, w'eq(6) 



= 140 dB 



then (Lh.„)eq,4, = 140 + 10 Ig — 

= 142 dB 

The example given in 4.1.2 would now become 

If the weighted acceleration levels for exposure times of 1 , 3 
and 5 h are 143,5, 141,5 and 140 dB, then 

^WJeqm) = 10 Ig - [ 1011-35 + ,1014.15 ^ 3) -I- (IQl* X 5)] 
= 141 dB 

The equation for the determination of the frequency-weighted 
acceleration level, which corresponds to equation (4) in 4.3, 
would become 



ih,w = 20 



^9]/i^['<j-^0^j 



... (7) 



7=1 



where 



Lh, / is the acceleration level measured in they th one-third 
octave band or octave band ; 

K^ and n have the same meaning as in 4.3. 
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Table 2 - Values of Kj for conversion of one-third 
octave band measurements to weighted measurements 

[Weighting factors to be applMd in accordance with 
equations (4) and (7)1 



Fraquency 


Weiflhtins factor 


Hz 


{Kj) 


6,3 


1,0 


8,0 


1.0 


10,0 


1,0 


12,5 


1,0 


16 


1,0 


20 


0,8 


25 


0,63 


31,5 


0,5 


« 


0,4 


50 


0,3 


63 


0,25 


80 


0,2 


100 


0,16 


125 


0,125 


160 


0,1 


200 


0,08 


250 


0,063 


315 


0,06 


400 


0,04 


500 


0,03 


630 


0,025 


800 


0,02 


1000 


0,016 


1250 


0,012 5 



Table 3 - Values of A) for conveision of octave 
band measurements to weighted measurements 

tWeighting factors to be applied in accordance with 
equations (4) and (7)1 



Fraquency 


Weighting factor 


Hz 


(*,) 


8,0 


1,0 


16,0 


1,0 


31,5 


0,5 


63 


0,25 


125 


0,125 


250 


0,063 


500 


0,03 


1000 


0,016 
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Annex A 
Guidelines for the evaluation of hand-transmitted vibration exposure 

(This annex does not form an integral part of the standard.) 

The dose-effect relationship proposed in this annex is given in terms of the frequency-weighted energy equivalent acceleration for a 
period of 4 h which can be evaluated using the methods described in 4. 1 . It is derived from the results of approximately 40 studies of 
populations of workers who have been exposed to hand-transmitted vibration in their occupations for periods of time of up to 
25 years. Each study involved workers who, all year round, normally work all day with only one type of power tool or on an industrial 
process whereby vibration was transmitted to the hand. 

Figure 2 and table 4 show tf>e duration of exposure necessary before the onset of vascular symptoms, characterized by firjger 
blanching, as a function of r.m.s. weighted acceleration, for selected percentiles of an exposed population. Vascular disorders are 
more easily recognized than other disorders of the hands and arms, and have been investigated more thoroughly. The weighted vibra- 
tion is the r.m.s. value of the frequency-weighted, dominant, single-axis component of vibration directed into the hand, expressed in 
metres per second squared. 

The values in figure 2 relate to regular daily vibration exposure. The curves give the time in years of regular vibration exposure before 
episodes of finger blanching occur in 10. 20, 30, 40 and 50 % of exposed persons. Interpolation between these curves is possible. 



NOTES 

1 The dose-response relatior)Shlp given in figure 2 should not be applied to weighted accelerations in excess of 50 ms "^ nor exposure times which 
exceed 25 years. 

2 The guidance given should only be applied to situations which involve people in normal health, that is persons who are considered fit to operate 
vibrating equipment on a regular basis over a full working day or shift. 

3 The dose-response relationships strictly apply only to cohorts of workers who experience similar vibration exposures. The prevalence of finger 
blanching will depend on the rate at which persons enter or leave a vibration-exposed population group as well as on the duration of exposure and 
frequency-weighted acceleration. 

The exposure times in years before the onset of disorders corresponding to weighted acceleration levels of 2, 5, 10, 20 and 50 ms"^ 
for each of the curves shown in figure 2 are given In table 4. 

Table 4 — Exposure time In years for different percentiles of a population 
for various weighted accelerations 



VVeighted 
acceleration 

K,w'eq(4) 
ms-2 


Percentile of population, C 


10 


20 


30 


40 


50 


Exposure time, years 


2 

5 

10 

20 

50 


15 

6 

3 

1 

<1 


23 
9 
4 
2 

<1 


>25 

11 

5 

2 

<1 


>25 

12 
6 
3 
1 


>25 

14 

7 
3 

1 
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Values for r.m.s. weightBd acceleration measured in a single-axis dMBCtion, m-s~^ 



Rgura 2 — Exposure tinw for diffwent porcentilos of a population group exposed 
to vibrations in titree coordinate axes 



The dose-response relationship given in figure 2 and table 4 can be approximated by the equation 
C 



= rKV52(£JL!>]%100 



96 
where ^ 

(ah,w)aq(4) " ^^ frequency-weighted energy equivalent acceleration for ttte period of 4 h, in metres per second squared; 

C is the percentile of exposed persons expected to show vascular disorders; 

Tf m the exposure time before finger blanching, in years. 
This equation can be used to find <jither lah.wJaqi*' °^ ^f- °' ^^ percentile, if either of the other two quantities are known. 
It should rwt be used for values of 

Tf outside the range 1 to 25 years, aiKl 

C outside the range 10 to 50 %. 
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Annex B 
Guidelines on preventive procedures 

(This annex does not form an integral part of the standard.) 
This annex outlines preventive measures to be adopted by those responsible for industrial hygiene. 

B.I Medical preventive measures associated with regular exposure to hand-arm vibration 

Any worker who may have to expose his hands to vibratory hand tools should, prior to employment, be physically examined and 

a) previous history of exposure should be recorded ; 

b) all individuals who use vibrating equipment should be advised of the risk of exposure to hand-arm vibration ; 

c) persons with the following medical conditions should be carefully assessed before they use vibrating equipment : 

— primary Raynaud's disease, 

— disease causing impairment of blood circulation to the hands, 

— past injuries to the hand causing circulatory defects or deformity of bones and joints, 

— other causes of secondary Raynaud's phenomenon, 

— disorders of the peripheral nervous system ; 

d) provision should be made for the reporting of symptoms and arrangements made for medical check-ups, at regular intervals, 
of those at risk. 

B.2 Technical preventive measures aimed at reducing the vibration intensity directed 
into the hands 

The following steps should be taken : 

a) tools with the lowest vibration should be used when there is a choice between different processes; 

b) equipment should be carefully maintained in accordance with the manufacturer's instructions. 

B.3 Administrative preventive measures aimed at reducing the vibration directed 
into the hands 

The following steps should be taken : 

a) there should be adequate training to instruct the worker In the proper use of the equipment; 

b) it is known that vibration hazards are reduced when continuous vibration exposures over long periods are avoMed ; therefore, 
worii schedule should be arranged to include vibration-free periods. 

B.4 Advice to Individuals who use vibrating hand tools 

The following advk:e is given : 

a) virear adequate clothing to keep dry and maintain body core temperature at an acceptable level, and, when possibte, wear 
suitable gloves when using vibrating equipment; 

b) the wori^er should let the tool to the woric and should grip the tool as lightly as possible, providing that this is consistent with 
safe work practice and tool control; the tool should rest on the wori<piece or support as much as possible; 

11 
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c) avoid or minimize smoking whHe using vibratory equipment since nicotine reduces the blood supply to the hands and fingers ; 

d) should attadu of white or blue finger or long periods of tingling and/ or numbness occur, seek medical advice ; 

e) Inforrn appropriate work supervisor If abnormal vibration occurs ; 

f ) tools should not give off cokJ gases or fluids oi/er the operator's hands. 
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